Motivated by diquark exchange, we construct a class of extensions of the standard model. These models can generate large CP conserving and CP violating contributions to the doubly Cabbibo suppressed decays D 0 → K + π − without affecting D 0 −D 0 mixing, contrary to what is usually believed in the literature. We find an interesting specific realization of these models, which has the LR chiral structure and can induce novel density × density operators. It is new for non-leptonic kaon decays, and particularly, may provide a possible solution to the ∆I = 1/2 rule and direct CP violation, without inducing large flavour changing neutral currents. †
Introduction
D 0 − D 0 mixing and in general the charm sector is a very interesting place to test the Standard Model (SM) and its possible extensions [1, 2, 3, 4] . Recent data from FOCUS [5] and CLEO [6] have given further excitement to this field. Indeed the decay D 0 → K + π − has been now clearly observed; this may occur either through the double Cabibbo suppressed decays (DCS) or D 0 − D 0 mixing with a subsequent Cabibbo favoured decays (CF). Data [5, 6] seem to exceed the naive SM expectation for the ratio of DCS to CF branching fractions is
≈ tan 4 θ C ≈ 0.25%. Also SM predictions for D 0 − D 0 mixing give a very negligible contribution.
It is generally believed that extensions of the SM can significantly affect the mixing but not the decay [4] . We challenge this statement by constructing a class of models which can generate large CP conserving and violating contributions only to DCS decays without affecting D 0 − D 0 mixing. Thus we want to stimulate the experiments to also put bounds on CP violating contributions to DCS decays. These models are obtained by introducing a new scalar particle, a diquark χ, triplet under colour and can also be theoretically motivated in extensions of the SM. We fix the χ−coupling so that this is relevant for DCS decays i.e.
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On the other hand, we also show that a possible large direct CP asymmetry in D ± channel could be induced by the diquark exchange.
Further we study more in detail an intriguing specific realization of these models which may have relevant implications for non-leptonic kaon decays [7] , in particular the ∆I = 1/2 rule. In fact, diquark interchange may generate non-leptonic ∆I = 1/2 transitions, and the size of these contributions is appropriately constrained by ∆S = 2 interactions. Thus one would have expected that a sizable interaction like the one in (2) for kaon decays, though in principle interesting for the ∆I = 1/2 rule would generate a disaster in the flavour changing neutral current (FCNC) sector. However we do find, we think, an elegant solution to this problem, and it may also have other applications, for instance, generating new direct CP violating ∆S = 1 operators without inducing large ε.
Differently from Ref. [8] our model is based on supersymmetry and we do not address the issue of strong CP problem.
Charm phenomenology
Mass and width eigenstates of the neutral D− system are written as linear combinations of the interactions eigenstates:
with eigenvalues m 1,2 and Γ 1,2 . The mass and width average and difference are defined as
Decay amplitudes into a final state f are defined by
Then one can generally define the complex parameter:
The phenomenological evidence of possible large DCS decays comes from the analysis of CLEO [6] and FOCUS [5] that have been able to disentangle in the total data sample the DCS contribution from the D 0 → D 0 → K + π − contribution. CLEO is able to study the time dependence in the ratio of the DCS to the CF decays, which in the limit of CP conservation is written as:
where R D is defined in (1) and the final state interaction will generate a strong phase difference δ between the DCS and the CF amplitudes so that the following rotation is used in (8)
CLEO by a careful time dependent study finds R D = 0.33
−0.065 ± 0.040 · 10 −2 [6] with no-mixing fit, while FOCUS [5] assuming that there is no charm mixing and no CP violation finds R D = (0.404 ± 0.085 ± 0.025) · 10 −2 . Possible CP violation effects in the mixing, the direct decay, and the interference between those two processes, characterized by A M , A D , and φ respectively, can affect the three terms in (8) , where, to leading order, both x ′ and y
, and δ → δ ± φ, as has been taken into account in the analysis by CLEO [6] . The corresponding values obtained in [6] 
The SM prediction to the D 0 − D 0 mixing is highly suppressed because it is the second order in α W and has a very strong GIM suppression factor m
and
which cannot be clearly explained in the SM, where one expects [1] x SM , y SM ≤ 10 −3 .
Theoretically, the strong phase δ was expected small, even vanishing in the SU(3) limit [9] . However, as pointed out in [3] : (i) a large δ would make the possible different signs of the measured D 0 − D 0 mixing parameters shown in eqs. (11) and (12) consistent with each other, and (ii) recent data allow large values of δ. A large δ would be welcome in searching for direct CP asymmetry of
At the present, on one hand, the experimental results in charm phenomenology obviously need to be further improved; on the other hand, the discrepancy between the SM estimates and the data invites for speculations about the New Physics contributions.
Theory
As mentioned in the Introduction, let us now imagine the theory with the spin 0 diquark χ with the quantum numbers as follows [10, 11, 8] , i.e.
coupled to quark left-handed doublets, Q and right-handed singlets U, D and assume now that these are supersymmetric degrees of freedom. We write the R-parity conserving interaction in the superpotential W [10, 11]
where i, j, and A are family indices, and the possible intergenerational mixing in (h L )
A ij and (h R )
A ij is assumed. h A L are flavour symmetric matrices in the weak-isospin basis, but they depart from symmetry in mass-eigenstate basis. Also (super-)Yukawa couplings of quarks to the two Higgses belong to this so-called superpotential. All this does make sense in the supersymmetric version of E 6 [12] , therefore the terms in the superpotential are protected by the no-renormalization theorem [13] . Anyway, the supersymmetric predictions, for our purpose, can be regarded as the effective predictions of extensions of the SM satisfying the phenomenological limits including LEP data. This is different from Ref. [8] which is in the framework of a standard renormalizable theory.
From eq. (14), one can get the four-quark operators which have LL and RR chiral structures mediated by the diquarks χ and χ c respectively. Interestingly, χ − χ c mixing [10] will generate instead the LR chiral structure. Generally, squaring ∆S = 1 operators [7] could automatically lead to dangerous FCNC transitions. However, this is not the case for ∆C = 1 operators contributing to DCS D → Kπ decays. Therefore, as shown in the next section, all the chiral structures LL, RR, and LR can enhance the DCS decays without affecting D 0 − D 0 mixing, while only using the LR structure, one can get the possible large contributions to ∆I = 1/2 transitions and new direct CP violation without large FCNC in kaon sector.
As further motivation, Voloshin recently [14] has considered a new centiweak four-quark interaction, with the strength 10
The new interaction arises through a weak SU(2) singlet scalar field with quantum numbers of diquark χ:
and the chiral structure is like the LR one of this paper.
4 Phenomenological analysis
It is straightforward to get the following chiral structures which could contribute to the DCS decays D → Kπ:
Note that the LR structure (18) is derived by assuming the mixing between χ and χ c , and we neglect the tensor contributions in the present work. Typically we can choose
for m χ = 300 GeV, and g L = g R = 0. 
which can compete with the corresponding SM contribution.
Note that all the couplings in eqs. (16) 
where A = B = L denotes the contribution from eq. 
The charge asymmetry in D ± → K S π ± arises from the interference between the CF D ± → K 0 π ± and DCS D ± → K 0 π ± decays, and the K 0 − K 0 mixing will give the following contribution without any theoretical uncertainty [2, 15] :
Here the same asymmetry both in magnitude and in sign as eq.(23) will arise for the final state with a K L instead of a K S . On the other hand, from eqs. (16)- (18), one can get contribution to the asymmetry from the diquark exchange as
The factor 10 −1 is due to the ratio of g A g B m 2 χ and G F . Thus using eq. (22), one can get
Here eqs. (16)- (18) will make a contribution of the opposite sign to the asymmetry in
which is different from the case of eq. (23). Note that this upper bound is one order larger than the value given in (23), which is consistent with the statement in Ref. [15] . Therefore, it is of interest to carry out the precise measurement of this asymmetry in order to exploit New Physics effects.
It is found that all three chiral structures LL, RR, and LR [ (16)- (18)] can separately produce the large contributions to DCS D 0 → K + π − decays without affecting D 0 − D 0 mixing. This is somewhat contrary to the statement in Ref. [4] . In the kaon physics, only LR chiral structure is useful when we consider the constraints from the K 0 − K 0 mixing.
and direct CP violation
Diquark exchange between the LR structure generates
The matrix elements of these operators can be enhanced compared to the usual Q − operator [7] , and they will induce pure ∆I = 1/2 transitions. Therefore, if h L(R) ij 's appearing in eq. (26) are not very small, one can expect a possible solution to the ∆I = 1/2 rule.
However, we have to show that this structure could avoid large FCNC. Indeed
The last one is generated by the usual Q − operator. If we assume that only one of the terms in (26), for instance h
, is large and the other is very small then squaring the structure in (26) will
Also, if we assume some electroweak phases in the ∆S = 1 transitions induced by the diquark, we can obtain the contribution to ε ′ χ . The only thing we have to be concerned that we do not generate too much ε χ , i.e. H χ ∆S=2,CP larger than the one in SM. Indeed in the SM
The diquark exchange can generate ℑm(A 0 ) in
to match the experimental result ε ′ ω ∼ 10 −4 [2, 7] with a value for the imaginary part
Now since we claim that with a particular choice of h R and h L ,
then with the value in (27) we obtain
and so there is no problem for ℜe(ε). If the electroweak phase is only in h L 12 , the induced electric dipole moment of the neutron is smaller than the experimental value [16] .
The diquark is coupled to the first two generations
In this subsection, we present an example to show that one can address simultaneously the issue of DCS D 0 → K + π − decays, the contributions to ∆I = 1/2 transitions and the direct CP violation in kaon sector without large FCNC. For simplicity, we assume the following 2×2 matrices for h R and h
i.e. the diquark is coupled to the first two generation quark fields. Note that the matrix elements of h L and h R merely have the meaning of order of magnitude, therefore, it should be understood, for instance, h we only consider the contributions induced by the LR chiral structure, and the calculation is straightforward. From Fig. (1a) , one can get
where
for the same values of g L , g R , and m χ used in eq. (19). Likewise, the contributions of Fig.  (1b) and Fig. (1c) are respectively
Experimentally, as shown in eq. (10), x ≤ 0.03, and the SM predicts x SM ∼ 10 −3 . Using eq. (28), we can get that all the above box diagrams lead to x χ ∼ 10 −3 − 10 −2 , not larger than the experimental value. 
It is easy to find that all the above contributions are not larger than the SM prediction of the K 0 − K 0 mixing.
Another FCNC problem could be Z 0 penguin diagram contribution to the decay K L → µµ. It will generate the following effective hamiltonian which has to be compared with the SM prediction ∼ λ 2 (10 −12 GeV −2 )dγ 5 sµγ 5 µ and thus substantially smaller.
Furthermore, if we put a small electroweak phase
−3 and eq. (27) will hold. Also as pointed out in the previous subsection, no large electric dipole moment of the neutron will be induced.
It has been shown that, in the simple realization (28) with only one diquark, we get the enhancement of the amplitudes of DCS D 0 → K + π − decays and non-leptonic ∆I = 1/2 transitions of kaon decays up to 10 −2 G F without any dangerous FCNC. Phenomenologically we could also make h 28), which means that a larger contribution to ∆I = 1/2 kaon decays would be possible. However, we do not want h L in (28) to depart severely from a symmetric structure, but a larger enhancement could be still achieved from the hadronic matrix element.
Conclusions
In this paper, we have constructed a class of models motivated by diquark exchange, which can generate large contributions to the DCS D 0 → K + π − decays without affecting D 0 − D 0 mixing. Our conclusion somewhat disagrees with the statement in Ref. [4] that the New Physics can only affect significantly the mixing but not the decay. A large direct CP asymmetry in D ± → K S π ± is possible in our model, which may be regarded as the signal to look for New Physics scenarios.
All the chiral structures including LL, RR, and LR can lead to the enhancement of the DCS decays in the charm sector, however, only LR structure is useful in kaon sector when we impose the constraints by avoiding the large FCNC. It is particularly interesting that this LR structure can generate novel density × density operators, which can induce the pure ∆I = 1/2 transitions and new direct CP violation. To our knowledge, the role of these operators in non-leptonic kaon decays is discussed for the first time in the present paper.
